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(54) COMMUNICATION METHOD, TRANSMITTER, AND RECEIVER 



(57) When multiplexing channels which conduct 
communication at various transmission rates, each 
communication is made capable of conducting commu- 
nication processing, such as information reception, with 
a minimum required processing amount needed by 
itself. In order to achieve this object, a plurality of com- 
munication channels are set in a predetermined band, 
and communication in each of the set channels is per- 



formed by using a multi-carrier signal having transmis- 
sion symtxDis distributed among a plurality of 
subcarriers. Transmission symbols of each channel on 
a frequency axis are arranged at intervals of Nth power 
of 2 (where N is an arbitrary positive number) with 
respect to a reference frequency interval for transmis- 
sion. From the transmission signal, a signal component 
of a required channel is received. 
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Description 
TECHNICAL FIELD 

[0001 ] The present invention relates to a communi- s 
cation method in digital radio conrnnunication suitable 
for application to a radio communication system such as 
a radio telephone system using, for example, a cellular 
scheme, and to a transmitter and a receiver to which the 
communication method Is applied. io 

BACKGROUND ART 

[0002] As a conventional communication scheme 
for sharing a wide frequency band among a plurality of is 
users and conducting communication efficierttiy, such 

' as a radio telephone system, there is. for example, the 
DS-CDMA (Direct Sequence-Code Division Multiple 
Access) scheme. In tiiis DS-CDMA scheme, a transmis- 

- sion signal sequence is spread (multiplied) by a code to 20 
generate a wide band signal, and this signal is transmit- 
ted. Furthermore, on a receiving side, a received signal 
is multiplied by the same spreading code as that of the 
transmission side to yield an effect called despreading. 
Only a desired signal component Is thus extracted out of 25 
the received signal. 

[0003] FIG. 1 shows a transmission configuration in 
a cellular radio communication system to which the con- 
ventional DS-CDMA scheme has been applied. An 
Information bit stream obtained at an input terminal i Is 30 
subjected to processing such as coding and interleaving 
In a coding unit 2. then supplied to a multiplier 3. and 
multiplied and spread therein by a code intended for 
channel assignment obtained at a terminal 3a. The 
spread bit stream is randomized in a multiplier 4 of a 35 
subsequent stage by a long code obtained at a terminal 
4a. and thereafter mapped in a symbol mapping unit 5 
to a transmission symbol. As for this mapping method, 
there are various techniques depending on the commu- 
nication scheme. 40 
[0004] The transmission signal mapped in the sym- 
bol mapping unit 5 Is multiplexed in an adder 6 with 
transmission signals of other systems as occasion 
demands, supplied to a transmission processing unit 7, 
subjected to high frequency processing such as modu- 45 
lation therein, thereafter converted in frequency to a fre- 
quency band to be radio-transmitted, and radio- 
transmitted from an antenna 8. 

[0005] Assuming now that the information bit 
stream obtained at the input terminal 1 is, for example, so 
8 kbps. it is encoded in the coding unit 2 with a coding 
rate 1/2. The bit rate of the coded bit becomes 16 kbps. 
If the coded bit is spread with a spreading factor 64 in 
the multiplier 3, a bit stream of 1024 kcps (where cps 
represents Chip Per Second) is obtained. If the informa- ss 
Won bit stream is different in bit rate, the bit rate of the 
transmission signal can be made constant by changing 
the spreading factor to be used in the multiplier 3. 



[0006] Furthermore, as for other transmission sys- 
tems added in the adder 6 as well, various information 
bit streams can be mixed as information bit streams 
supplied to the coding units 2 of respective transmission 
systems, provided tiiat the bit stream of the transmis- 
sion signal supplied to the adder 6 is constant 
[0007] A configuration for receiving the signal sub- 
jected to the transmission processing using ttie conven- 
tional DS-CDMA scheme will now be described by 
referring to FIG. 2. A signal of a predetermined fre- 
quency band received by an antenna 1 1 is subjected to 
frequency conversion in a reception processing unit 12 
to form an intermediate frequency signal. The received 
signal thus subjected to the frequency conversion is 
demodulated to yield a baseband synnbol sequence. 
Out of this symbol sequence, a received bit stream is 
extracted in a bit extraction unit 13. The received bit 
stream thus extracted is supplied to a multiplier 14, and 
multiplied and descrambled by a long code obtained at 
a terminal 14a. The multiplied output of ttie multiplier 14 
is supplied to a multiplier 15. and multiplied by a 
despreading code obtained at a terminal 15a. 
Despreading processing is tiius conducted, and a 
coded bit stream Is obtained. The coded bit stream is 
decoded in a decoding unit 16. and an information bit 
stream is obtained at a terminal 17. 
[0008] If a signal of the case where the above 
described information bit stream of 8 kbps is transmitted 
as the bit sti-eam of 1024 kcps is received by the config- 
uration of FIG. 2. tiien the signal is despread in the nnul- 
tiplier 15 with a despreading factor 64 and an 
information bit stream of 8 kbps is obtained. Further- 
more, if the despreading factor of the despreading code 
obtained at the terminal 15a is changed, then an infor- 
mation bit stream of a different bit rate can be coped 
with. 

[0009] In the description given so far, the case 
where information bit streams of a plurality of bit rates 
are mixed and radio-transmitted by using the DS-CDMA 
scheme has been described. Also in the case where 
they are radio-ti-ansmitted by using the TDMA (Trme 
Division Multiple Access) scheme, however, it is also 
possible to mix information bit streams of a plurality of 
bit rates. FIG. 3 is a diagram showing the structure of 
one frame in the case of 8-TDMA structure in which one 
frame Is formed of 8 time slots ranging from slot 1 to slot 
8. 

[0010] Assuming now slots to be assigned in the 
case where the transmission rate per slot is 8 ktsps. for 
example, slots 1 and 2 are respectively assigned to 
users A and B having a ti^ansmission rate of 8 kbps and 
communication of the transmission rate of 8 kbps is 
conducted by using the slot 1 or 2. Furthermore, two 
slots composed of slot 3 and slot 4 are assigned to a 
user C having a transmission rate of 16 kbps and com- 
munication of 16 kbps is conducted. Furthermore, four 
slots composed of slots 5 tiirough 8 are assigned to a 
user D having a trartsmission rate of 32 kbps and com- 
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munication of 32 kbps is performed. According to the 
transmission rate at the time of a transmission request 
from each user, a base station or the like thus sets the 
number of slots In one frame to each user variably. As 
the result, it is possible to cope with the TDMA scheme 5 
by accommodating information bit streams having a plu- 
rality of bit rates mixedly and radio-transmitting them. 
[001 1 ] Furthermore, in the case where radio trans- 
mission is performed using a multi-carrier scheme 
called OFDM (Orthogonal Frequency Division Multi- 10 
plex) scheme, for example, a configuration shown in 
FIG. 4 of a prior art is used as the transmission configu- 
ration. This configuration is a configuration applied to 
DAB (Digital Audio Broadcasting). An information bit 
stream obtained at a terminal 21 is subjected to is 
processing such as coding in a coding unit 22, and 
thereafter mapped to transmission symbols in a symbol 
mapping unit 23. And the transmission symljols are 
supplied to a mixing circuit 24, and multiplexed with 
other transmission data tiierein. As for the multiplexing 20 
conducted here, transmission data are simply coupled 
in series to generate a multiplexed symbol stream. For 
example, if symbols having 64 ksps per channel are 
multiplexed by 18 channels, then the transmission rate 
of the multiplexed symlx5l stream becomes 64 ksps x 1 8 2S 
= 11 52 ksps. 

[001 2] This multiplexed symtx}l stream is subjected 
to symbol rean^angement performed by frequency inter- 
leaving in a frequency conversion unit 25. As the result, 
symbols of respective channels are arranged scatter- 30 
ingly. The rearranged symfcx)! stream is converted into a 
multi-carrier signal arranged on the frequency axis by 
inverse Fourier transform processing in an inverse Fou- 
rier transform circuit (IFFT circuit) 26. The output of this 
IFFT circuit 26 is subjected to radio transmission 35 
processing In a radio processing unit 27, and radio- 
transmitted in a predetermined frequency band. 
[001 3] As for a configuration of the receiving side of 
this multi-carrier signal, a signal of a desired frequency 
band received by an antenna 31 is converted to a base- 40 
band signal in a reception processing unit 32 as shown 
in FIG. 5. Here, the baseband signal component of the 
multi-carrier signal is a signal having information pieces 
arranged on the frequency axis. Therefore, the multi- 
carrier signal is supplied to a fast Fourier transform dr- 45 
cuit (FFT circuit) 33 and subjected to Fourier transform 
processing. As the result, subcarriers arranged on the 
frequency axis are extracted. At this time, symbols out- 
putted by the Fourier transform processing become 
subcarriers of the whole received signal band. so 
[0014] The transformed signal of the subcarriers is 
supplied to a symbol selection unit 34. From symbol 
existence positions of a desired channel anranged by 
the frequency interleaving conducted on the ti-ansmis- 
sion side, symbols are extracted. A symbol stream thus ss 
extracted is supplied to a bit extraction unit 35. where a 
coded bit stream is extracted. This coded bit stream is 
supplied to a decoding unit 36, and an information bit 



stream is obtained at an output terminal 37. 
[0015] In this conventional OFDM scheme, multi- 
plexing is conducted by assigning symbols of different 
channels to respective sutx:arriers. Therefore, the Fou- 
rier transform circuit (FFT circuit) possessed by the 
receiver performs transform processing on symkxjis cor- 
resporxjing to alt multiplexed and transmitted channels, 
and diannel selection is performed after the transform. 
[001 6] In the communication system of a cellular 
scheme to which the above described DS-CDMA 
scheme has been applied, data transmission of a varia- 
ble rate is made possible by fixing the used frequency 
band and varying the spreading factor. By fixing the 
used frequency range, it will be possible to form a termi- 
nal device which provides variable bit rate service by 
using only a single high frequency circuit. 
[0017] In the DS-CDMA scheme, however, the 
communication control scheme Is very complicated. For 
example, in the case where it is applied to the cellular 
scheme, it Is necessary to conduct hand off processing 
for switching over the base station, transmission power 
control for preventing any Interference with other com- 
munication within the system. arxJ the like with very high 
precision. Furthermore, in the DS-CDMA scheme, basi- 
cally all channels share the same frequency band, and 
orthogonality of channels is not present. Therefore, the 
DS-CDMA scheme has a risk that the whole system 
does not function when there is even one terminal 
device in which transmission power control is not per- 
formed properly It cannot be said that the system is 
suitable for performing complicated processing such as 
variable transmission rate. 

[0018] Furthermore, in the case where variable 
transmission rate processing is applied to the DS- 
CDMA scheme, as regards the demodulation part, even 
a terminal device which makes communication at a low 
transmission rate of approximately several kbps needs 
to perform computational processing equivalent to that 
of a terminal device which conducts communication at 
the highest transmission rate possible in the system. As 
the result, the amount of conputational processing in 
the terminal device significantiy increases. 
[001 9] On the other hand, in the case where a vari- 
able transmission rate is Implemented in a communica- 
tion system to which the above described TDMA 
scheme is applied, the maximum transmission rate per 
channel is basically limited to [bit rate at the time when 
one slot is assigned] x [the nunnber of TDMAs]. The 
upper limit and the lower limit of the transmission rate 
are determined by the number of TDMAs. In the case 
where the variation range of the transmission rate is 
very large, such as approximately several kbps to 
approximately 100 kbps. tiierefore, it is substantially 
Impossible to cope with the transmission rate that a user 
desires only by slot assignment. It is not Impossible if a 
very large number of time slots are provided In one 
frame. From the viewpoint of communication control or 
the like, however, it is not practical. 
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[0020] Furthermore, in the case where mutttplexing 
using a variable transmission rate is implemented in a 
communication system to which the above described 
conventional OFDM system is applied, multiplexing is 
conducted by assigning synr±>ols of different channels to 
respective subcarrlers. The Fourier transform circuit 
included in the receiver needs to perform transform 
processing on symbols corresponding to all multiplexed 
and transmitted channels. This results in a problem that 
a large amount of transform processing is required. 

DISCLOSURE OF INVENTION 

. [0021 ] An object of the present invention is to make 
possible of Information communication processing in a 
communication means such as a receiver with a mini- 
mum processing amount needed by itself when multi- 
plexing channels through which communication is made 
at various transmission rates. 
, [0022] A communication method in accordance 
with a first invention, includes: setting a plurality of chan- 
nels in a predetermined band; and conducting commu- 
nication in each of the set channels by using a multi- 
carrier signal having transmission symbols distributed 
among a plurality of subcarriers, wherein the transmis- 
sion symbols of each channel on a frequency axis are 
arranged at intervals of Nth power of 2 (where N is an 
arbitrary positive number) with respect to a reference 
frequency interval. In a transmission signal formed of a 
multi-carrier signal having multiplexed channels, there- 
fore, transmission symbols of each channel are 
arranged at a predetermined frequency interval. On the 
transmission side, therefore, processing of forming a 
multiplexed transmission signal can be performed sim- 
ply. In addition, it can easity be made to extract only sig- 
nals of each channel and process for receptioa The 
configuration of the reception side can be simplified. 
Furthermore, in the case of application to radio commu- 
nication, wide-band communication is performed with 
broad subcarrier intervals and consequently it also 
becomes possible to obtain a frequency diversity effect. 
[0023] In accordance with a second invention, the 
communication in the communication method according 
to the first invention is defined to radio communication. 
Since wide-band communication is made with broad 
subcarrier intervals, therefore, it also becomes possible 
to obtain a frequency diversity effect. 
[0024] In accordance with a third invention, a value 
of N in the communication method according to the first 
invention is variably set depending on a bit rate of trans- 
mission data. As the result, it will be easy to transmit 
data having different bit rates mixedly 
[0025] In accordance with a fourth invention, the 
communication method according to the first invention 
is applied to communication between a base station and 
a terminal device; one channel of down channels trans- 
mitted from the base station is secured as a pilot chan- 
nel whereas remaining channels are used as traffic 



channels; in the base station, a known signal is trans- 
mitted by using said pilot channel: and in the terminal 
device, equalization processing of a transmission path 
of symbols received via said traffic channel is performed 
5 by using symbols received via the pilot channel, and 
synchronous detection of the symbols subjected to the 
equalization processing is performed. As the result, 
equalization processing of transmission signals can be 
performed easily and favorably. 
10 [0026] In accordance with a fifth invention, a signal 
to be transmitted in the communication method accord- 
ing to the first invention is subjected to frequency hop- 
ping by taking a channel as a unit or by taking a 
frequency as a unit As the result, multiplexed signals 
IS are spread and transmitted efficiently, and a favorable 
transmission state can be ensured. 
[0027] In accordance with a sixth invention, a com- 
munication method includes: setting a plurality of chan- 
nels in a predetermined band; conducting 
20 communication in each of the set channels by using a 
multi-can-ier signal having transmission symbols distrib- 
uted among a plurality of subcaniers; using subcarriers 
of every predetermined number of subcarriers, as sub- 
carriers assigned to each channel; performing differen- 
25 tial modulation between adjacent subcarriers among 
subcarriers assigned to each channel and thereafter 
performing transmission; and performing differential 
demodulation between adjacent subcarriers on a recep- 
tion side. As the result, there is formed a multi-carrier 
30 signal using subcarriers of every predetermined number 
as channel arrangement. In addition, since the differen- 
tial modulation is performed between adjacent subcarri- 
ers of each channel, it will be possible to perform 
transmission processing and reception processing by 
35 using only signals of each channel. 

[0028] A seventii invention is such that, in the com- 
munication method according to the sixth invention, on 
a transmission side, differential modulation is performed 
between adjacent subcarriers on a frequency axis 
40 instead of performing differential modulation between 
adjacent subcarriers among subcarriers assigned to 
each channel; and on a reception side, differential 
demodulation is performed between adjacent subcarri- 
ers on a frequency axis instead of performing differen- 
45 tial demodulation between adjacent subcarriers among 
subcanriers assigned to each channel. As the result, 
transmission processing becomes possible also by vir- 
tue of processing based on the arrangement of subcar- 
riers on the frequency axis. 
so [0029] An eighth invention is a transmitter wherein: 
a multi-carrier signal having transmission symbols dis- 
tributed among a plurality of subcarriers is generated; 
transmission symbols are arranged on a frequency axis 
in one channel of said multi-canier signal, at irrtervals of 
55 Nth power of 2 (where N is an arbitrary positive number) 
with respect to a reference frequency interval; and the 
generated multi-carrier signal is transmitted as a prede- 
termined channel among a plurality of channels set in a 
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predetermined band. As the resuK. a multi-carrier signal 
having transmission symbols of each channel arranged 
at predetermined frequency intervals and having multi- 
plexed channels Is transmitted. Trarsmission symbols 
of each channel can be arranged by fixed processing. 5 
Such a transmission signal that allows easy multiplexing 
by means of simple processing can be formed. 
[0030] In accordance with a ninth invention, a value 
of N in the transmitter according to the eighth invention 
is variably set depending on a bit rate of transmission 10 
data. As the result, it becomes easy to transmit data 
having different bit rates mixedly. 
[0031 ] A tenth invention is such that, in the transmit- 
ter according to the eighth invention, transmission sym- 
bols of a plurality of channels are individually generated, is 
and thereafter a multiplexed symbol sequence is gener- 
ated by arranging symbols of respective channels sym- 
bol by symbol; multi-carrier signal generation 
processing is performed on the generated multiplexed 
symbol sequence collectively: and transmission 20 
processing is performed on a plurality of channels col- 
lectively. As the result, transmission processing of a plu- 
rality of channels can be performed collectively by using 
a simple configuration. 

[0032] An eleventh invention is such that, in the 25 
transmitter according to the eighth invention, transmis- 
sion symbols are generated, the generated transmis- 
sion symbols being taken out as a signal on a time axis, 
and thereafter processing for convolving a frequency 
offset corresponding to a channel assigned to its own 30 
station being performed. As the result, processing for 
transmission at a desired frequency can be performed 
favorably by using a simple configuration, 
[0033] A twelfth invention is such that, in the trans- 
mitter according to the eighth invention, a known signal 3s 
is transmitted by using one channel among a plurality of 
transmission channels as a pilot channel, arxJ transmis- 
sion processing is performed by using remaining chan- 
nels as traffic channels. As the result, transmission 
control can be performed favorably on the basis of the 40 
known signal transmitted via the pilot channel. 
[0034] In accordance with a thirteenth invention, the 
transmitter according to the eighth invention includes 
frequency hopping means for performing frequency 
hopping on the generated multi-carrier signal by taking 45 
a channel as a unit or taking a predetermined frequency 
band as a unit. As the result, a frequency/interference 
diversity effect is obtained, resulting in more satisfactory 
transmission. 

[0035] A receiver in accordance with a fourteenth so 
invention receives a multi-carrier signal having trans- 
mission symbols distributed among a plurality of sub- 
carriers, and performs reception processing on 
transmission symbols received in one channel at fre- 
qliency intervals of Nth power of 2 (where N is an arfoi- ss 
trary positive number) with respect to a reference 
frequency interval. As the result, a multi-carrier signal 
having transmission symbols of each channel arranged 



at predetermined frequency intervals and having multi- 
plexed channels can be received. By extracting trans- 
mission symbols at predetermined frequency interval 
and performing reception processing, a signal of a 
desired reception channel can be obtained. From a nuil- 
tiplexed and transmitted signal, a signal of a desired 
channel can be obtained easily. 

[0036] A fifteenth invention is such that in the 
receiver according to the fourteenth invention, among 
all symbols transmitted in a bandwidth used for commu- 
nication, only symbols of a communication channel 
transmitted by a transmission side are extracted from a 
received signal: and the extracted symbols are supplied 
to a channel decoder for decoding. As the result, recep- 
tion processing of only needed symbols can be per- 
formed efficiently. 

[0037] A sixteenth invention is such that, in the 
receiver according to the fourteenth invention, sampling 
of a received signal is performed at a sample rate deter- 
mined by a bandwidth of the received signal: by per- 
forming addition or subtraction on sampled symbols, a 
desired reception channel is selected to decrease the 
number of symbols outputted to a subsequent stage, 
and a required minimum sanrtple rate determined by a 
maximum bit rate at time of reception is made; and 
reception processing is performed on received data 
having a number of symtx>ls corresponding to the 
required minimum sample rate. As the result, received 
data having the number of symbols corresponding to 
the required minimum sample rate can be obtained effi- 
ciently. 

[0038] In accordance with a seventeenth invention, 
the receiver according to the sixteenth invention 
includes a correction means for multiplying data of at 
least one reception channel by a sine wave offset cor- 
rection signal when a plurality of reception channels has 
been selected. As the result, offset contained between 
data of each received channel can be removed simply 
[0039] An eighteenth invention is such that, in the 
receiver according to the sixteenth invention, reception 
processing means for performing reception processing 
on said received data has processing capability deter- 
mined by a maximum bit rate, and when conducting 
communication at a bit rate lower than said maximum bit 
rate, only desired bits are extracted. As the result, an 
amount of data processed at the time of communication 
using a low bit rate can be reduced. 
[0040] A nineteenth invention is such that, in the 
receiver according to the fourteenth invention, reception 
processing means of a pilot channel and reception 
processing means of traffic channels are provided, and 
the reception processing means of traffic channels per- 
forms traffic path equalization processing of a transmis- 
sion path of received symbols of a traffic channel by 
using symbols of a known signal received by th recep- 
tion processing means of the pilot channel. As the 
result, the equalization processing of the transmission 
path of the received symbols of a traffic channel can be 
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performed favorably on the basis of the received signal 
of the pilot channel, which leads to good reception 
processing. 

[0041 ] in accordance with a twentieth Invention, the 
receiver according to the fourteenth Invention Includes s 
frequency hopping means for performing frequency 
hopping on a received signal by taking a channel as a 
unit or taking a predetermined frequency band as a unit. 
As the result, reception processing of the transmission 
signal subjected to frequency hopping can be per- io 
formed properly 

BRIEF DESCRIPTION OF DRAWINGS 

[0042] 15 

FIG. 1 is a block diagram showing an example of 
transmission processing of a. conventipnal DS- 
CDMA scheme. 

FIG. 2 is a block diagram showing an example of 20 
reception processing of a conventional DS-CDMA 
scheme. 

FIG. 3 is a diagram for description showing an 
example of multiplexing in the conventional TDMA 
scheme. 25 
FIG. 4 is a block diagram showing an example of 
transmission processing of a conventional OFDM 
scheme. 

FIG. 5 is a block diagram showing an example of 
reception processing of a conventional OFDM 30 
scheme. 

FIG. 6 is a block diagram showing an example of a 
transmission configuration according to a first 
embodiment of the present invention. 
FIG. 7 is a diagram for description showing exam- 35 
pies of an insertion state and an extraction state of 
null symbols according to the first embodiment of 
the present invention. 

FIG. 8 is a block diagram showing an example of a 

reception configuration according to the first 40 

embodiment of the present invention. 

FIG. 9 is a diagram for description showing an 

example of a symbol arrangement according to the 

first embodiment of the present invention. 

FIG. 10 is a diagram for description showing an 45 

example in which processing according to the first 

embodiment of the present invention is applied to 

the TDMA scheme. 

FIG. 1 1 is a block diagram showing an example of a 

transmission configuration according to a second so 

embodiment of the present invention. 

FIG. 12 is a configuration diagram showing an 

example of a mixing circuit according to a second 

embodiment of the present invention. 

FIG. 13 is a diagram for description showing an 55 

example of a mixed state according to the second 

embodimerrt of the present invention. 

FIG. 1 4 is a block diagram showing an exanrtple of a 



transmission corrfiguration according to a third 

embodiment of the present invention. 

FIG. 15 is a diagram for description showing an 

example of a mixed state according to tiie third 

embodiment of the present invention. 

FIG. 16 is a block diagram showing an example of a 

transmission configuration according to a fourth 

emkxKJiment of the present invention. 

FIG. 17 is a block diagram showing a corrfiguration 

example of an internal channel selection unit 

according to the fourth embodiment of the present 

invention. 

FIG. 18 is a diagram for description showing an 
arrangement example of subcarriers according to 
the fourth embodiment of the present invention. 
FIG. 1 9 is a block diagram showing an example of a 
reception configuration according to the fourth 
embodiment of the present invention. 
FIG. 20 is a configuration diagram showing an 
example of a separation circuit according to the 
fourth embodiment of the present invention. 
FIG. 21 is a diagram showing an exanple of a sep- 
arated state according to tiie fourth embodiment of 
the present invention. 

FIG. 22 is a block diagram showing an example of a 
reception configuration according to a fifth embodi- 
ment of the present invention. 
FIG. 23 is a configuration diagram showing an 
example of a channel selection unit according to 
the fifth embodiment of the present invention. 
FIG. 24 is a diagram for description showing an 
example of processing performed in the channel 
selection unit according to the frftii embodiment of 
the present invention. 

FIG. 25 is a configuration diagram showing another 

example of the channel selection unit. 

FIG. 26 is a configuration diagram showing still 

another example of the channel selection unit. 

FIG. 27 is a block diagram showing an example of a 

transmission configuration according to a sixth 

embodiment of the present invention. 

FIG. 28 is a block diagram showing an example of a 

reception configuration according to the sixth 

embodimerrt of the present invention. 

FIG. 29 is a diagram for description showing an 

example of a transmission symbol arrangement 

according to tiie sixth embodiment of tine present 

invention. 

FIG. 30 is a corrfiguration diagram showing an 
example of a channel selection unit according to 
the sixth embodiment of the present invention. 
FIG. 31 is a diagram for description showing an 
example of a subcarrier arrangement generated by 
other processing in respective embodiments of tiie 
present invention. 

FIG. 32 is a diagram for description showing fre- 
quency hopping processing applied to respective 
embodiments of the present invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0043] A first embodiment of the present invention 
will be described below by referring to FIGS. 6 through 
10. 5 
[0044] In the present embodiment, the present 
invention is applied to a radio telephone system of a cel- 
lular scheme. FIG. 6 shows a transmission configuration 
of the base station side or the terminal device side in the 
system of the present example. This is adapted to be io 
able to transmit data of rates of four kinds, i.e., 32 kbps. 
64 kbps, 96 kbps, and 128 kbps as the transmission 
data. 

[0045] An information bit stream having one of the 
above described transmission rates obtained at a termi- is 
nal 101 is subjected to coding processing such as cod- 
ing and interleaving in a coding unit 102. The 
information bit stream is thus coded with a predeter- 
mined coding rate such as a coding rate of 1/2. Each bit 
coded in the coding unit 102 is supplied to a symbol so 
mapping unit 103. and mapped to transmission symtx>ls 
therein. As for mapping processing to the transmission 
symtx)ls performed here, processing such as QPSK 
processing, 8-PSK processing, or 16-QAM processing 
can be applied. Alternatively, differential modulation on 25 
the frequency axis or the time axis may be performed in 
some cases. 

[0046] The transmission symbols generated in this 
symtK)l mapping unit 103 are supplied to a null symbol 
insertion unit 104. In the null symbol insertion unit 104. 30 
there is performed processing for making the symbol 
rate equal to the maximum transmission rate (here, a 
rate corresponding to 128 kbps) constantly irrespective 
of the transmission rate of the original information bit 
stream by regularly inserting symbols having amplitude 35 
(energy) of 0 depending on the transmission rate 
obtained at that time. 

[0047] FIG. 7 shows examples of the insertion state 
of the null symbols. Symbol positions each indicated by 
a circle mark represent symbol positions of original 4o 
transmission data. Symbol positions each indicated by 
a cross mark represent positions of symbols 0 inserted 
in the null symbol insertion unit 104. For example, in the 
case where the transmission rate of the information bit 
stream is 32 kbps, three null symbols are inserted 45 
between the original symbols as shown in FIG. 7A. The 
information bit stream is thus converted to transmission 
data having a number of symkx^ls conresponding to 128 
kbps (i.e.. four times). Furthermore, in the case where 
the transmission rate of the information bit stream is 64 so 
kbps, one null symbol is inserted between the original 
symbols as shown in FIG. 7B. The information bit 
stream is thus converted to transmission data having a 
number of symbols corresponding to 128 kbps (i.e.. 
^ce). Furthermore, in the case where the transmission ss 
rate of the information bit stream is 96 kbps. one null 
symbol is inserted every three original symlxjis as 
shown in FIG. 7C. The information bit stream is thus 



converted to transmission data having a number of sym- 
bols corresponding to 128 ktDps (i e.. 4/3 times). Rnally. 
in the case where the transmission rate of the informa- 
tion bit stream is 128 ktsps, null symbols are not inserted 
and the transmission data remains to have the original 
number of symbols as shown in FIG. 7D. 
[0048] Here, an insertion factor R of null symbols in 
the null symtx)l insertion unit 104 is defined as 

insertion factor R = (M - D) / M [1] 

where M is the maximum transmission rate (here, 128 
kbps) in the transmission band, and D is the transmis- 
sion rate in the pertinent channel. 
[0049] This processing in the null symtx>l insertion 
unit 104 is processing for effecting control so as to 
increase the symbol rate to 2^ times (where N is an 
arbitrary positive number) by inserting null symbols. In 
the processing shown in FIG. 7C. i.e., in the case of 
transmission at the rate of 96 kbps, the value of N does 
not become an irrteger. However, this processing is 
processing using a rule with the null symbol insertion 
rate R = 1/4 based upon the equation [1]. 
[0050] The transmission symbols having the null 
symbols inserted in the null symtx>l insertion unit 104 
are subjected to scramble processing using random 
phase shifts (or other scramble processing) in a random 
phase shift unit 105. The transmission symbols thus 
subjected to the scramble processing are supplied to an 
inverse Fourier transform (IFFT) processing unit 106. 
By computation processing of inverse fast Fourier trans- 
form, the symbol stream arranged on the time axis is 
transformed to a multi-carrier signal having subcarriers 
arranged on the frequency axis. The signal thus trans- 
formed in the inverse Fourier transform processing unit 
106 is supplied to a guard time addition unit 107, where 
a guard time is added thereto. In addition, the signal is 
multiplied by windowing data for transmission in a win- 
dowing processing unit 108 every predetermined unit of 
the signal. The transmission signal thus multiplied by 
the windowing data is supplied to a transmission 
processing unit 109. A high frequency signal is con- 
volved therein, and the transmission signal is converted 
in frequency to a predetermined frequency band. The 
transmission signal thus subjected to frequency conver- 
sion is radio-transmitted from an antenna 1 10. 
[0051 ] A configuration for receiving the signal radio- 
transmitted from the above described corrf igurat'on. in a 
terminal device or a base station, is shown in FIG. 8. In 
a reception processing unit 112 connected to an 
antenna 1 1 1 , the signal of the predetermined transmis- 
sion frequency band is received and converted to a 
baseband signal. The baseband signal thus converted 
is supplied to a windowing processing unit 1 13, and the 
signal is multiplied by a windowing data for reception 
every predetermined unit of the signal. Thereafter, the 
signal is supplied to a Fourier transform (FFT) process- 
ing unit 114, and the sut^carriers arranged on the fre- 
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quency axis are transformed to a syrrttx)! stream 
arranged on the time axis. 

[0052] The transformed symbol stream is subjected 
in a descrambfing unit 115 to descramble processing 
which is inverse to the scramble processing performed s 
at the time of transmission. The desaambled symtx)! 
stream is supplied to a symbol selection unit 1 16. In the 
symbol selection unit 116, there is performed process- 
ing for selecting symbols other than the null symbols 
inserted in the symtx)! insertion unit 104 (see FIG. 6) at io 
the time of transmission {i.e., processing for removing 
the null symbols). The symbol stream with the null sym- 
bols removed is supplied to a bit extraction unit 1 1 7. and 
. coded bits are extracted therein. The extracted bit data 
is supplied to a decoding unit 1 1 8 and decoded therein, is 
A decoded information bit stream is obtained at a terml- 
nal119. 

[0053] The symbols extracted at the symbol selec- 
tion unit 1 16 differ depending on the transmission rate of 
. the transmitted information bit stream. In other words, 20 
positions of null symbols each having a zero amplitude 
inserted at the time of transmission differ depending on 
the transmission rate, as shown in FIG.7. In the case of 
each of the transmission rates, processing for extracting 
only symbols represented by the circle marks is per- 25 
formed. By performing this processing, data of the 
transmission rates in the range from 32 kbps to 128 
kbps can be transmitted by using the same communica- 
tion bandwidth. 

[0054] Heretofore, the case where transmission is 30 
performed at a variable transmission rate in the range of 
32 kbps to 128 kbps has been described. By performing 
similar processing, it is possible to conduct communica- 
tion of M/2^ kbps in a band allowing communication of 
maximum bit number Mkbps. On the transmission side 35 
in this case, generated symbols and null symbols are 
inserted according to a pattern shown in FIG. 9. In FIG. 
9. symbols represented by white circles are symbols 
generated by information bits, whereas symbols repre- 
sented by black circles are null symbols. 4o 
[0055] By virtue of the communication heretofore 
described, it becomes possible to perform transmission 
in the range of low rate transmission to high rate trans- 
mission by using the same communication bandwidth. 
For example, even in a terminal device having only sin- 45 
gle radio frequency circuit (transmission processing cir- 
cuit and reception processing circuit), communication of 
a variable transmission rate will be possible. 
[0056] Additionally, by performing the transmission 
processing described with reference to the first embod- so 
iment in the TDMA structure, it becomes possible to 
increase the difference between the lowest transmis- 
sion rate and the highest transmission rate. FIG. 10 is a 
diagram showing an example of a frame structure in this 
case."ln the case of 8 TDMA structure in which one ss 
frame is formed of eight time slots, i.e., slot 1 through 
slot 8, it is assumed that a band capable of transmitting 
multi-carrier signals at the rate from 32 kbps (null sym- 



bol insertion factor R = 3/4) to 128 kbps (null symbol 
insertion factor R = 0/4) by using one slot is set. Then, 
in communication using only one slot per frame, trans- 
mission at the rate in the range of 32 kbps to 128 Wbps 
is performed. In communication using two slots per 
frame, transmission of the rate up to 256 kbps is per- 
formed. When the number of used slots is increased to 
the maximum value of 8 and the null symbol insertion 
factor is R = 0/4. communication at the transmission 
rate of 128 kbps x 8 = 1024 kbps becomes possible. 
[0057] Furthermore, positions in which null symbols 
have been inserted (subcarriers using null symbols) in 
the transmission processing described with reference to 
the first embodiment can be used for communication of 
other systems. By thus using the subcarriers located in 
the insertion positions of the null symbols for other com- 
munication, multiplexed communication can be con- 
ducted efficiently. For example, when transmitting an 
information bit stream of a rate of 64 kbps in the trans- 
mission processing shown in FIG. 6. it is possible to 
transmit information bit streams of the 64-kbps rate of 
two systems in one transmission band by conducting 
communication of the other system in the null symbol 
insertion positions. Likewise, in the case of the 32-kbps 
rate, it is possible to transmit information bit streams of 
the 32-kbps rate of four systems by using one transmis- 
sion band. Furthermore, it is also possible to perform 
transmission of the 96-kbps rate and transmission of the 
32-kbps rate using one transmission band. 
[0058] A second embodiment of the present inven- 
tion will now be described with reference to FIGS. 1 1 
through 13. In the present embodiment as well, an 
example in which the present invention is applied to a 
radio telephone system of the cellular scheme is 
assumed. In this example, multiplexed transmission is 
performed from one transmitter. This multiplexed trans- 
mission can be applied to the case where transmission 
signals of a plurality of systems are transmitted simulta- 
neously from, for example, a base station. In this 
embodiment, the configuration excepting a part for con- 
ducting the multiplexed communication performs basi- 
cally the same processing as that described in the first 
embodiment, and so the configuration of a receiving 
system will be omitted. 

[0059] FIG. 1 1 is a diagram showing the transmis- 
sion corrf iguration in the present embodiment. It is now 
assumed that information bit streams of N channels 

composed of channel 1, channel 2 channel N 

(where N is an arbitrary integer) are obtained at termi- 
nals 121a. 121b. ... , I21n. The information bit streams 
of respective channels obtained at the terminals 121a 
through 121 n are bit streams having the same transmis- 
sion rate, each of which is supplied to different coding 

units 122a, 122b 122n and subjected individually to 

coding processing such as encoding and interleaving. 
The bit streams of respective channels encoded in the 
coding units 122a through 122n are supplied to sepa- 
rate symbol mapping units 123a. 123b I23n, 
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respectively and are mapped to transmission symbols 
separately for respective channels. As ttie mapping 
processing to the transmission symbols performed 
here, processing such as QPSK processing. 8-PSK 
processing, or 16-QAM processing can be applied. 5 
Alternatively, differential modulation on the frequency 
axis or on the time axis may be conducted in some 
cases. 

[0060] The transmission symbols generated in the 
symbol mapping units 123a through 123n are supplied 10 
to a mixing circuit ( multiplexer) 124. and mixed into a 
symbol stream of one system. FIG. 12 is a diagram 
briefly showing a concept of processing performed in 
the mixing circuit 124. Here, symtsol streams of. for 
example, 4 channels composed of channel 1 though is 
channel 4 are converted into a symbol stream of one 
system. The symbol stream of the channel 1 is obtained 
at a terminal 124a of the mixing circuit 124. The symbol 
stream of the channel 2 is obtained at a terminal 124b 
of the mixing circuit 124. The symbol stream of the 20 
channel 3 is obtained at a terminal 124c of the mixing 
circuit 124. The symbol stream of the channel 4 is 
obtained at a terminal 124d of the mixing circuit 124. At 
this time, a contact 124m of a switch included in the mix- 
ing circuit 124 performs processing of periodically 25 
selecting the terminals 124a through 124d in order and 
outputting a resultant symbol stream. 
[0061 ] FIG. 13 is a diagram shewing an exanple of 
this mixing process. For example, when symbol streams 
of different channels 1 . 2. 3 and 4 are obtained in states 30 
shown in FIG. 13A. B, C, and D, the symbols of the 
respective channels are selected in turn. A mixed 
stream of one system shown in FIG. 13E is thus 
obtained. For example, when the stream of each chan- 
nel is symbols of an information bit stream having a rate 35 
of 32 kbps. a symbol sti^eam con-esponding to an infor- 
mation bit stream having a rate of 128 kbps is obtained. 
By the way. in the case where sending time of symbols 
in each channel is not synchronized, synchronizing 
processing using a buffer memory or the like will be nec- 40 
essary. 

[0062] Returning to the description of FIG. 11, 
transmission symbols mixed in the mixing circuit 124 
are subjected to scramble processing using random 
phase shifts (or other scrarrtjle processing) in a random 45 
phase shift unit 125. The transmission symbols thus 
subjected to the scramble processing are supplied to an 
inverse Fourier transform (IFFT) processing unit 126. 
By computation processing of inverse fast Fourier trans- 
form, the symbol stream arranged on the time axis is so 
transformed to a multi-carrier signal having subcarriers 
arranged on the frequency axis. The signal thus trans- 
formed in the inverse Fourier transform processing unit 
126 is supplied to a guard time addition unit 1 27, and a 
guard time is added thereto. In addition, the signal is ss 
multiplied by windowing data for transmission In a win- 
dowing processing unit 128 every pred termined unit of 
the signal. The transmission signal thus multiplied by 



the windowing data is supplied to a transmission 
processing unit 129. A high frequency signal is con- 
volved there, and the transmission signal is converted in 
frequency to a predetermined frequency band. The 
transmission signal tiius subjected to frequency conver- 
sion is radio-transmitted from an antenna 130. 
[0083] On the side for receiving the signal thus 
radio-transmitted (for example, a terminal device for 
receiving a signal fed from a base station), a signal of an 
arbitrary channel can be extracted and processed by 
performing reception processing in, for example, the 
configuration of FIG. 8 described with reference to the 
above first embodiment. 

[0064] Since the case of multiplexing of four chan- 
nels has been described, the symbol emergence period 
of each channel in the multiplexed symbol stream (FIG. 
13E) is 4. However, the maximum number of multi- 
plexed channels is not limited to this. The maximum 
number of multiplexed channels can be set to 2" (where 
n is a positive integer, i.e.. n = 1 , 2. 3. 4 ...). In this case, 
the symbol emergence period of each channel 
becomes 2" which is the same as the maximum number 
of multiplexing. In the case where the number of chan- 
nels used in actual communication is less than the max- 
imum number of multiplexing, null symbols (symbols 
having an amplitude of 0) described with reference to 
tine first embodiment may sufficiently be inserted as 
symbols of unused channels. 

[0065] A third embodiment of the present invention 
will now be described referring to FIGS. 14 and 15. In 
tine present embodiment as well, an example in which 
tiie present invention is applied to a radio telephone 
system of the cellular scheme is assumed. In this exam- 
ple also, multiplexed transmission is performed from 
one transmitter In the same way as the second embodi- 
ment. Components corresponding to those of the sec- 
ond embodiment are denoted by like characters, and 
detailed description tiiereof will be omitted. 
[0066] In the case of the present embodiment, 
transmission rates of respective channels are different. 
FIG. 14 is a diagram showing the transmission configu- 
ration in the present embodiment. It is now assumed 
that information bit streams of three channels in total 
composed of channel 1, channel 2. and channel 3 are 
obtained at terminals 131a. 131b, and 131c. As for 
ti^ansmtssion rates of respective channels, it is assumed 
that, for example, each of the channel 1 and channel 2 
has a transmission rate of 32 kbps and the channel 3 
has a transmission rate of 64 kbps. The information bit 
streams of respective channels obtained at the termi- 
nals 131a through 131c are supplied respectively to dif- 
ferent coding units 132a. 132b and 132c, and subjected 
to coding processing such as encoding and interleaving 
individually. The bit streams of the channel 1 and tiie 
channel 2 needed in the coding units 132a and 132b 
are each supplied to symbol mapping units 133a and 
133b for respective channels, and mapped to transmis- 
sion symbols separately for respective channels. Fur- 
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thermore, the bit stream of the channel 3 is bisected into 
bit streams of two systems. The bit stream of one sys- 
tem is supplied to a symbol mapping unit 133c, whereas 
the bit stream of the other system is supplied to a sym- 
bol mapping unit 133d. The bit streams are thus 
mapped to respective transmission symbols separately 
[0067] The transmission symbols mapped in the 
symbol mapping units 133a through 133d are supplied 
to a mixing drcuit 134 and multiplexed into one system. 
FIG. 15 shows an example of a multiplexed state 
obtained here. The symbol stream of the channel 3 
divided irrto two systems are periodically arranged at 
the same intervals. Between them, the symbol stream 
. of the channel 1 and the symbol stream of the channel 
2 are arranged periodically. In other words, the arrange- 
ment of, for exannple, the channel 1, channel 3, channel 
2, and channel 3 is repeatedly set. 
[0068] This multiplexed symbol stream is subjected 
to scramble processing using random phase shifts (or 
other scramble processing) in a random phase shift unit 
125. The transmission symbols thus subjected to the 
scramble processing are supplied to an inverse Fourier 
transform (IFFT) processing unit 126. By computation 
processing of inverse fast Fourier transform, the symbol 
stream arranged on the time axis is transformed to a 
multi-carrier signal having subcarriers arranged on the 
frequency axis. The signal thus transformed in the 
irtverse Fourier transform processing unit 126 is sup- 
plied to a guard time addition unit 127. and a guard time 
is added thereto. In addition, every predetermined unit 
of the signal is multiplied by windowing data for trans- 
mission in a windowing processing unit 128. The trans- 
mission signal thus multiplied by the windowing data is 
supplied to a transmission processing unit 129. A high 
frequency signal is convolved therein, and the transmis- 
sion signal is converted in frequency to a predetermined 
frequency band. The transmission signal thus subjected 
to frequency conversion is radio-transmitted from an 
antenna 130. 

[0069] On the side for receiving the signal thus 
radio-transmitted (for example, a terminal device for 
receiving a signal fed from a base station), a signal of an 
arbitrary channel can be extracted and processed by 
performing reception processing in. for example, the 
configuration of FIG. 8 described with reference to the 
above first embodiment. In other words, when extracting 
a signal of channel 1 or channel 2 from transmitted sig- 
nals multiplexed in a state shown in FIG. 15. the signal 
of that channel can be received by extracting symbols 
every four periods, when extracting a signal of channel 
3. the signal of that channel can be received by extract- 
ing symbols every two periods. 

[0070] The example in which communication is 
conducted by using a band capable of transmitting up to 
128 kbps when the transmission rates of 32 kbps and i 
64 kbps are mixed ly present has been described. How- 
ever, the present embodiment is not restricted to this. In 
other words, the transmission rate D [kiDps] of each 



channel can be t>asically set as represented by the fol- 
lowing equation. 

Transmission rate D = M / 2 [ktjps] [2] 

5 

In this equation, N is a positive integer as represented 
by N = 1, 2, 3. ... . and M is the maximum transmission 
rate in the pertinent band. 

[0071] Furthermore, in the same way as 96 kt)ps 
10 described earlier with the first embodiment, a rate hav- 
ing a value located between rates set by the equation [2] 
may be set. 

[0072] A fourth embodiment of the present inven- 
tion will now be described by referring to FIGS. 16 

15 through 21. In the present embodiment as well, an 
example in which the present invention is applied to a 
radio telephone system of the cellular scheme is 
assumed. In this example, multiplexed transmission is 
performed from a plurality of transmitters. For example. 

20 this corresponds to a case where multiplexed transmis- 
sion is performed simultaneously from a plurality of ter- 
minal devices and reception is performed in the lump by 
a base station. 

[0073] FIG. 16 is a diagram showing the transmis- 
25 sion configuration in the present embodiment. It is now 
assumed that information bit streams of channel 1 
through channel N (where N Is an arbitrary integer) are 
individually obtained at terminals 141a through 141n of 
respectively different transmitters. The transmitters 
30 basically have the same configuration. The configura- 
tion of a transmitter for processing the signal of the 
channel 1 will be described. The information bit stream 
obtained at the terminal 141a is subjected to coding 
processing, such as encoding and interleaving in a cod- 
35 ing unit 142a. Each of the bits encoded in the coding 
unit 1 42a is supplied to a symbol mapping unit 1 43a and 
mapped to transmission symbols. 
[0074] The transmission symbols generated by the 
symbol mapping unit 143a are subjected to scramble 
40 processing using random phase shifts (or other scram- 
ble processing) in a random phase shift unit 144a. The 
transmission symbols thus subjected to the scramble 
processing are supplied to an inverse Fourier transform 
(IFFT) processing unit 145a. By computation process- 
is ing of inverse fast Fourier transform, the symbol stream 
arranged on the time axis is transformed to a multi-car- 
rier signal having subcarriers arranged on the frequency 
axis. The signal thus transformed in the inverse Fourier 
transform processing unit 145a is subjected to internal 
>o channel selection processing in an internal channel 
selection unit 1 46a. The multi-carrier signal subjected to 
the internal channel selection processing is supplied to 
a transmission processing unit 147a. A high frequency 
is convolved there, and the transmission signal is con- 
i5 verted in frequency to a predetermined frequency band. 
The transmission signal thus subjected to frequency 
conversion is radio-transmitted from an antenna 148a. 
[0075] The configuration of the Internal channel 
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selection unit 146a is shown in FIG. 17. A signal pro- 
vided from a preceding circuit to a terminal 151 is sup- 
plied to a symbol repetition unit 152 and subjected to 
symbol repetition processing as many times as a 
number depending upon the transmission rate at that 
time. For example, It is now assumed that the maximum 
transmission rate in one transmission band is 128 kbps, 
the subcarrter interval of the radio-transmitted muiti -car- 
rier signal on the transmission path being 4 kHz, and the 
transmission rate in one channel being 32 kbps. At this 
moment, processing for transforming to a multi-carrier 
signal having a subcarrier interval of 16 kHz is per- 
formed in the preceding inverse Fourier transform 
processing unit 145a. 

[0076] In the symbol repetition unit 152, processing 
for repeating a symbol component of this signal four 
times is performed, and the multi-carrier signal having a 
subcarrier interval of 16 kHz is converted to a signal 
having an interval of 4 kHz. For example, as shown in 
FIG. 17, a waveform indicated at an input portion of the 
symtx}! repetition unit 152 Is converted in this symbol 
repetition unit to a waveform equivalent to that obtained 
by repeating the waveform indicated at the input portion 
four times. By repeating the symbol stream subjected to 
inverse Fourier transform by the number of multiplexing, 
there is obtained an effect equivalent to that obtained by 
inserting null symbols in subcarriers which are not used 
by pertinent channels. 

[0077] The symbol repeated in the symbol repeti- 
tion unit 152 is multiplied in a multiplier 153 by an offset 
frequency outputted from an offset frequency generator 
154. By this multiplication, a phase revolution corre- 
sponding to a frequency offset of the pertinent channel 
is caused in each symbol. By the way, in a case where 
the frequency offset of the pertinent channel is 0 Hz, 
multiplication with a constant is performed. In other 
words, the symbol sequence multiplied in this multiplier 
153 determines a channel to which the subcarrier to be 
used is assigned. The signal multiplied by the offset fre- 
quency is supplied to a windowing processing unit 155, 
and multplied by windowing data for transmission in 
every predetermined unit of the signal. A resultant sig- 
nal is supplied to the transmission processing unit 147a 
via a terminal 156. 

[0078] A state example of signals subjected to 
transmission processing in each channel is shown in 
FIG. 18. The maximum transmission rate in one trans- 
mission band is 128 kbps. Data having this transmission 
rate of 128 Kt^ps is transmitted using a multi-carrier sig- 
nal having sutjcarriers located at intervals of 4 kHz. In 
such a case, four transmitters uses one transmission 
band. Data each having a transmission rate of 32 kbps 
supplied from the four transmitters are multiplexed and 
transmitted by using one transmission band. 
[0079] FIG. 18A, B, C and D show transmission sig- 
nal of channel 1 , channel 2. channel 3. and channel 4 
transmitted from each transmitter, respectively. The sig- 
nal of each channel is a multi-carrier signal having sub- 



carriers located at intervals of 16 kHz. Frequency 
positions where subcamers exi^ in each channel are 
set as follows. For the channel 1, sutx;aniers are 
located at intervals of 16 kHz beginning from a refer- 
5 ence frequency fc as shown in FIG. 18A. For the chan- 
nel 2. subcaniers are located at intervals of 16 kHz 
beginning from a frequency position obtained by a shift 
of 4 kHz from the reference frequency fc as shown in 
FIG. 18B. For the channel 3. subcarriers are located at 
10 intervals of 1 6 kHz beginning from a frequency position 
obtained by a shift of 8 kHz from the reference fre- 
quency fc as shown in FIG. 18C. For the channel 4. sub- 
carriers are located at intervals of 16 kHz beginning 
from a frequency position obtained by a shift of 12 kHz 
15 from the reference frequency fc as shown in FIG. 18D. 
[0080] By radio-transmitting signals of these chan- 
nels, subcarriers are ananged at intervals of 4 kHz on 
the radio transmission path as shown in FIG. 18E. Sig- 
nals of four channels are thus multiplexed and transmit- 
20 ted in one transmission band. In this case, fast invers 
Fourier transform processing performed in the inverse 
Fourier transform processing unit included in each 
transmitter may be only processing for transforming a 
signal having a transmission rate of 32 kbps handled by 
25 that channel to subcarriers having a width of 16 kHz. 
Thus the processing amount in the inverse Fourier 
transform processing unit can be significantly reduced 
as compared with the processing amount required in 
the case of the subcarrier interval in that system. 
30 [0081 1 The example in which communication of sig- 
nals having a transmission rate of 32 kbps is conducted 
has been described herein. For example, when commu- 
nicating signals having a transmission rate of 64 kbps in 
the same transmission band, however, it will be suffi- 
35 dent to perform operation by the inverse Fourier trans- 
form processing unit which has a scale matching with 
the communication at that rate (in other words, twice as 
many samples as those at the time of communication of 
32 kbps are outputted) and repeat twice in symbol rep- 
40 etition performed in the internal channel selection unit. 
No matter whatever value the transmission rate may 
have, it is possible to generate the transmission signal 
by performing similar processing. In this case, the 
processing circuit included in each transmitter (terminal 
45 device) need only have an inverse Fourier transform 
processing circuit which has capability corresponding to 
the transmission rate for performing transmission in that 
device. It is not necessary for every terminal device to 
have capability of generating a multi-carrier signal hav- 
50 ing prescribed subcarrier intervals In the prepared 
transmission band. Thus, the configuration of each ter- 
minal device can be simplified. 

[0082] Furthermore, by simultaneously performing, 
for example, the null symbol insertion processing as 
55 described at>ove with reference to the first embodiment 
to cope with a transmission rate change, thus allowing a 
case of a lower transmission rate to be coped with. 
[0083] An example of a configuration for receiving 
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the signals thus multiplexed, for example, collectively in 
a base station is shown in FIG. 19. A reception process- 
ing unit 162 connected to an antenna 161 receives a 
signal of a predetermined transmission frequency band 
and converts it to a baseband signal. The baseband sig- 5 
nal thus converted is supplied to a windowing process- 
ing unit 163, and every predetermined unit of the signal 
is multiplied by a windowing data for reception. Thereaf- 
ter, the signal is supplied to a Fourier transform (FFT) 
processing unit 1 64, where the subcarriers arranged on 10 
the frequency axis are transformed to a symbol stream 
arranged on the time axis. The transform processing 
performed here is processing for transforming all sub- 
carriers arranged in the received transmission band. 
[0084] The transformed symbol stream is subjected 75 
in a random phase shift unit 165 to descramble process- 
ing which Is irwerse to the scramble processing per- 
formed during transmission. The descrambled symbol 
stream is subjected in a separation circuit (demulti- 
plexer) 166 to processing for separating symbols multi- 20 
plex d to a single transmission band into respective 
channels. Symbol streams separated into respective 
channels are supplied to bit extraction units 1 67a, 1 67b, 
.... 167n for respective channels, and subjected to bit 
extraction processing individually for respective chan- 25 
nels to derive received bit streams. Resultant received 
bit streams are supplied to decoding units 168a, 168b, 
... , 168n for respective channels, and decoded individ- 
ually for respective channels. Information bit streams of 
respective channels are thus obtained at terminals 30 

169a, 169b 169n of respective channels. 

[0085] FIG. 20 is a diagram briefly showing a con- 
cept of processing by the separation circuit 166. Here, 
symbol streams of, for example, four channels com- 
posed of channel 1 though channel 4 multiplexted into a 35 
symbol stream of one system are separated. Process- 
ing for switching so as to supply multiplexed symbol 
streams obtained at a switch contact 166m included in 
the separation circuit 166 to four terminals 1 66a through 
1 66d in order symbol by symbol is performed period!- 40 
cally. By virtue of such switching, the symbol stream of 
the channel 1 is obtained at the terminal 166a. The 
symbol stream of the channel 2 is obtained at the termi- 
nal 166b. The symbol stream of the channel 3 is 
obtained at the terminal 1 66c. The symbol stream of the 45 
channel 4 is obtained at the terminal 166d. 
[0086] FIG. 21 is a diagram showing an example of 
the thus separated state. For example, a signal shown 
in FIG. 21A is a symbol stream obtained by receiving 
the signal of one transmission band containing multi- so 
plexed signals of four channels. In symbols arranged at 
fixed time intervals, there is a mixture of symbols of the 
four channels. By changing over the switch contact 
166m included in the separation circuit 166 in order 
syml50l by symbol, as shown in Fig. 2B. C, D and E. ss 
symbols of respective channels are separated and out- 
putted. 

[0087] By thus configuring the receiver, signals of a 



plurality of charviels multiplexed into one transmission 
band can be received collectively. 
[0088] A fifth embodiment of the present invention 
will now be described by referring to FIGS. 22 through 
26. In the present embodiment as well, an exanple in 
which the present invention is applied to a radio tele- 
phone system of the cellular scheme is assumed. In this 
example, an arbitrary channel included In signals multi- 
plexed and transmitted in one transmission band is 
received by the processing of emtxxliments heretofore 
described. It con-esponds to, for example, the case 
where an arbitrary channel is received by a terminal 
device out of signals simultaneously multiplexed and 
transmitted from a base station. 
[0089] First of all, a signal received in the present 
example will be desalbed below. It is now assumed that 
four channels each having a rate of 32 kbps are multi- 
plexed in one transmission band having a bandwidth 
capable of transmission at a rate of 128 kbps at maxi- 
mum, and the subcarrier interval on the transmission 
path is 4 kHz (i,e. the modulation time of one symbol is 
250^5= 1 /4kHz). 

[0090] FIG. 22 Is a diagram showing the reception 
configuration in the present embodiment. A reception 
processing unit 172 connected to an antenna 171 
receives a signal of a predetermined transmission fre- 
quency band and converts it to a baseband signal. From 
the baseband signal obtained by the conversion, a 
desired channel is selected. Thereafter, the received 
signal of the selected channel is supplied to a multi-car- 
rier processing unit 1 74, where subcarriers arranged on 
the frequency axis are transformed to a symtxil stream 
arranged on the time axis using Fourier transform 
processing and so on. By the way. other processings, 
required for multi-carrier processing such as the win- 
dowing processing and the random phase shift are also 
executed in this multi-carrier processing unit 174. 
[0091] The transformed symbol stream is supplied 
to a bit extraction unit 1 75. and subjected to extraction 
of coded bits therein. The extracted bit data is supplied 
to a decoding unit 1 76 and decoded therein. A decoded 
information bit stream is obtained at a terminal 1 77. 
[0092] FIG. 23 is a diagram showing a configuration 
example of the channel selection unit 1 73. As the base- 
band signal supplied from the preceding reception 
processing unit to a terminal 181. a signal having sub- 
carriers arranged at 4 kHz intervals on the frequency 
axis is inputted for 250 ^s. The signal obtained at this 
terminal 181 is supplied directly to a selector 181a and 
also delayed by a delay circuit 181b. the delayed signal 
being supplied to the selector 181a. By selection in the 
selector 181a. processing for repeating signal symbols 
is executed. 

[0093] The output of this selector 181a is supplied 
to a subtracter 1 82. At the same time, the signal delayed 
in a delay circuit 183 by a time equivalent to 1/2^ of the 
modulation time of one symbol (i.e., 125 ^s in this case) 
is also supplied to the subtracter 182. Thus, a difference 
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between those signals is extracted. The difference sig- 
nal outputted by the subtracter 182 is supplied to a mul- 
tiplier 195, arvj multiplied therein by a correction signal 
supplied from an offset frequency correction signal gen- 
erator 195a. 

[0094] The signal multiplied by the offset frequency 
in the multiplier 195 is supplied directly to a subtracter 
184. At the same time, the signal delayed in a delay cir- 
cuit 1 85 by a time equivalent to 1/4 (= 1/2^) of the mod- 
ulation time of one symbol (i.e., 62.5 \is in this case) is 
also supplied to tiie subta'acter 184. Thus, a difference 
between those signals is extracted. The difference sig- 
nal outputted by the subtracter 184 is obtained at a ter- 
minal 191 via a multiplier 196. Furthermore, the output 
signal of the multiplier 195 is supplied directiy to an 
adder 186. At the same time, the signal delayed by a 
delay circuit 185 is also supplied to the adder 186. Thus, 
a sum signal of those signals is obtained at a terminal 
192. 

[0095] Moreover, the signal obtained at the terminal 
181 and subjected to the symbol repetition processing 
in the selector 181a and the delay circuit 181b is sup- 
plied to an adder 187. At the same time, the signal 
delayed by a delay circuit 183 is also supplied to the 
adder 187. A sum signal of those signals is thus 
obtained. This sum signal is further supplied directiy to 
a subtracter 1 88. At the same time, the signal delayed in 
a delay circuit 1 88 by a time equivalent to 1 /4 (= 1 of 
the modulation time of one symbol (i.e.. 62.5 \xs In this 
case) is also supplied to the subtracter 188. Thus, a dif- 
ference between those signals is extracted. The differ- 
ence signal is obtained at a terminal 1 93 via a multiplier 
197. Furthermore, the output signal of the adder 187 is 
supplied directiy to an adder 190. At the same time, the 
signal delayed by a delay circuit 189 is also supplied to 
the adder 190. Thus, a sum signal of those signals is 
obtained at a terminal 194. 

[0096] In ttie multipliers 195, 196. and 197. correc- 
tion signals supplied from offset frequency correction 
signal generators 195a, 196a, and 197a are multiplied, 
respectively. The correction processing of the offset fre- 
quency will be described later. 

[0097] The processing state in the channel selec- 
tion unit 173 having such a configuration will now be 
described by referring to FIG. 24. As the signal supplied 
to tiie terminal 181 , a signal having subcarriers of chan- 
nels 1 through 4 arranged at 4 kHz intervals in order as 
shown in FIG. 24A is inputted for 250 ^s. This signal is 
divided Into a former half of 125 us and a latter half of 
125 jis. A difference between them and a sum of them 
are generated In the subtracter 182 and the adder 187, 
respectively. From the output of tiie adder 187, the 
number of subcarriers is reduced to 1/2^ and only odd- 
numbered subcarriers of channel 1 and channel 3 are 
included as shown in FIG. 24B. From the output of the 
adder 187. a difference between the output and its 
delayed signal is generated in the subtracter 188 and a 
sum of the output and its delayed signal is generated in 



the adder 190. In the sum signal from tiie adder 190, 
only subcaniers of tiie signal of the channel 1 are 
included as shown in FIG. 24C. In the difference signal 
from tiie subtracter 1 88, only sulDcarriers of tiie signal of 
5 tiie channel 3 are included as shown in FIG. 240. 

[0098] Furthermore, as for the output of the sub- 
tracter 182, the number of subcarriers is reduced to half 
as compared with the original signal and only even- 
numbered subcarriers of channel 2 and channel 4 are 
10 included as shown In FIG. 24E. From the output of the 
subtracter 182, a sum of the output and its delayed sig- 
nal is generated in the adder 186 and a difference 
between tiie output and its delayed signal is generated 
in the subtracter 184. In the sum signal from the adder 
IS 186, only subcarriers of the signal of the channel 2 are 
included as shown in FIG. 24F. In tiie difference signal 
from tiie subtracter 1 84, only subcarriers of tiie signal of 
tiie channel 4 are included as shown in FIG. 24G. 
[0099] The signals tiius obtained at the terminals 
20 1 91 . 1 92, 1 93 and 1 94 are subjected to FFT processing 
(fast Fourier transform processing) and subcan^ier 
extraction in a subsequent stage. As shown in FIG. 24D, 
F and G, however, an offset frequency is convolved in 
each of the signals of the channels 2 through 4. Specif- 
25 ically, assuming that the subcarrler interval of tiie multi- 
plexed signals is fs [Hz], an offset frequency of fs [Hz] 
exists in tiie channel 2; an offset frequency of 2fs [Hz] 
exists in the channel 3; and an offset frequency of 3fs 
[Hz] exists in tiie channel 4. In order to remove thes 
30 offsets, tiierefbre, multiplication by a sine wave having a 
minus offset frequency is performed in the multipliers 
1 95. 1 96 and 1 97. whose output signals are supplied to 
tiie terminals 191 , 192, 193 and 194. To be specific, the 
channel 2 is multiplied by a signal of -fs [Hz], the chan- 
35 nel 3 being multiplied by a signal of -2fs [Hz]. arxJ th 
channel 4 being multiplied by a signal of -3fs [Hz] to 
obtain outputs. 

[01 00] This processing is performed for the channel 
2 (output of the terminal 192) by generating a signal of 

40 exp(-j27c(i/M X 1)) in tiie correction signal generator 
195a and multiplying this signal in the multiplier 195. 
Furthermore, this processing is performed for the chan- 
nel 3 (output of the terminal 193) by generating a signal 
of exp(-j27t(i/M X 2)) in the correction signal generator 

45 197a and multiplying this signal in the multiplier 197. 
Furthermore, this processing is performed for the chan- 
nel 4 (output of the terminal 191) by generating a signal 
of exp(-j27i(i/M X 1)) in the correction signal generator 
195a, multiplying this signal in the multiplier 195. further 

50 generating a signal of exp{-j27c(i/M x 2)) in the correc- 
tion signal generator 196a, and multiplying this signal in 
the multiplier 196. M indicated as the correction signal 
denotes the number of symbols inputted to the channel 
selection means 173 during 250 ^sec, and i is a sub- 

55 script showing the turn of the inputted symbol. When 
the signals witii offset frequencies thus removed which 
are obtained at tiie terminals 191 . 192, 193 and 194 are 
viewed on the frequency axis, offset frequencies have 
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been wiped out as shown on the right sides of FIG. 24C. 

F and G. SutDcamers of any channel can be extracted 
by the same FFT circuit. 

[0101] In this way. subcarriers of respective chan- 
nels are separated in the channel selection unit 173. In 
the channel selection circuH 173 and subsequent cir- 
cuits, it is possible to obtain the infbrniation bit stream of 
the pertinent channel by processing only the subcarri- 
ers of a channel to be received. 
[01 02] By the way. the channel selection unit shown 
in FIG. 23 is formed so as to separate all signals of four 
multiplexed channels. In the case where the signal of 
only certain one channel is necessary, however, for 
example^ a channel selection unit 1 73* shown in FIG. 25 
may be used. In other words, a received signal (base- 
band signal) obtained at a terminal 201 is subjected to 
, symbol repetition processing by using a selector 201a 
and a delay circuit 201 b. the signal being them supplied 
to a computation unit 202. At the same time, the signal 
delayed in a delay circuit 203 by a time equivalent to 
1/2^ of one modulation time is also supplied to the com- 
putation unit 202. The computation unit 202 performs 
computation processing of either addition processing or 
subtraction processing urKler the control of a control 
unit 207. The output of the computation unit 202 is mul- 
tiplied by a sine wave in a multiplier 208 to remove the 
offset frequency, and then supplied directly to a compu- 
tation unit 204. At the same time, the signal delayed in a 
delay circuit 205 by a time equivalent to 1/4 (s 1/2^) of 
one modulation time is also supplied to the computation 
unit 204. The computation unit 202 performs computa- 
tion processing of either addition processing or subtrac- 
tion processing under the control of a control unit 207. 
The output of the computation unit 204 is multiplied by a 
sine wave in a multiplier 209 to remove the offset fre- 
quency, and then supplied to a terminal 206. from which 
it is supplied to subsequent circuits. By the way, the off- 
set frequency corrected in the multipliers 208 and 209 is 
determined under the control of the control unit 207. 
Owing to such a configuration, it is possible to realize 
the same state as the selection processing state of each 
channel in the channel selection unit 1 73 shown in FIG. 
23. by the control on the addition processing or subtrac- 
tion processing in the conrtputation unit 202 or the com- 
putation unit 204 performed by the control unit 207. It is 
thus possible to extract only subcarrriers of a desired 
channel out of multiplexed signals of four channels. 
[0103] Moreover, for example, when signals of two 
channels are multiplexed in one transmission band 
(such as the case where signals of two channels each 
having a transmission rate of 54 kbps are multiplexed), 
the channel selection unit for extracting tiie signal of 
each channel can be configured, for example, as a 
channel selection unit 1 73** shown in FIG. 26. Specif i- 
cally.-a received signal (baseband signal) obtained at a 
terminal 211 is subjected to symbol repetition process- 
ing by using a selector 211a and a delay circuit 211b. 
and then supplied to a computation unit 212. At the 



same time, the signal delayed in a delay circuit 213 by a 
time equivalent to 1/2^ of one modulation time is also 
supplied to the computation unit 212. The computation 
unit 212 performs computation processing of either 
5 addition processing or subtraction processing under the 
control of a confrol unit 215. The output of the computa- 
tion unit 212 is multiplied by a sine wave in a multiplier 
216 to remove the offset frequency, and then supplied to 
a terminal 214 from which it is supplied to subsequent 
10 circuits. By tiie way. the offset frequency corrected in the 
multiplier 216 is determined under the cont-ol of the 
control unit 215. Owing to such a configuration, it is pos- 
sible to extract only subcarnriers of either of the two mul- 
tiplexed channel signals, by the control on the addition 
15 processing or subtraction processing in the computation 
unit 21 2 performed by the control unit 215. 
[0104] For example, in the case where the maxi- 
mum transmission rate in one transmission band is 128 
kbps. it is now assumed that a terminal device desired 
20 to support up to 64 kbps as the maximum transmission 
rate performs reception at a low rate such as 8 kbps. In 
this case, a channel selection unit corresponding to the 
maximum fransmission rate (64 kbps) in the terminal 
device may be provided. And after subcarriers on the 
25 frequency axis processed as a multi-carrier signal of 64 
kbps are transformed to a symbol stream on the time 
axis, such processing as to select a desired channel 
from the symbol sti-eam may be conducted. 
[01 05] On the contrary, in case of such a receiver 
30 dedicated to a low rate as sufDports only 8 kbps, it 
becomes possible to serially couple processing means 
corresponding to the computation unit 204 and. the 
delay circuit 205 in FIG. 25 and perform similar process- 
ing, thereby enabling the number of output symbols of 
35 the channel selection means 1 73 to be reduced to 1/2"^ 
(where N is the number of stages of coupled processing 
means) of signal lines possessed by the terminal 201 . 
As for the number of stages within tiiis channel selec- 
tion means, an arbitrary value can be chosen. This 
40 value is determined by the maximum transmission rate 
supported by that receiver. The delay value in each 
stage is set to 1/2^ (where j is the number of stages). 
[0106] In tiiis embodiment, an example of a radio 
telephone system of the cellular scheme has been sup- 
45 posed. However, the receiver for thus selecting a 
desired channel out of signals multiplexed to receive the 
channel can also be applied to a receiver of other sys- 
tems, such as DAB (Digital Audio Broadcasting) in 
which broadcast signals of a plurality of channels are 
so multiplexed in the multi-earner signal. By applying to tiiis 
receiver, the Fourier transform means included in the 
receiver needs only be capable of transforming only 
subcarriers of one channel. As compared with the case 
where the conventional Fouri^ transform means capa- 
55 ble of ti'ansforming all subcarriers of one ti-ansmission 
band is provided, tiierefore. the configuration of the 
receiver can be sinnplified. 

[01 07] A sixtti emtxxJiment of the present invention 
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will now be described referring to FIGS. 27 through 30. 
In the present ennbodiment as well, an example In which 
the present invention is applied to a radio telephone 
system of the cellular scheme is assumed. This is 
arranged so that, when a plurality of channels are multi- 5 
plexed in one transmission band, arbitrary one channel 
among multiplexed channels is used as a pilot channel. 
[0108] FIG. 27 is a diagram showing the transmis- 
sion configuration in the present embodiment. It is now 
assumed that Information bit streams of N channels 10 
composed of channel 1 through channel N (where N is 
an arbitrary integer) are obtained at terminals 221a 
through 221 n and a bit stream of a pilot channel is 
obtained at a terminal 221 p. As data of the pilot chan- 
nel, a predetermined known signal is supplied to the ter- is 
mtnal 221 p. Besides this known signal, some control 
data (such as an ID for identifying a base station) may 
be transmitted. Here, channels (channel 1 through 
channel N) other than the pilot channel are referred to 
as traffic channels. 20 
[0109] Information bit streams of respective traffic 
channels obtained at the terminals 221a through 22 In 
are those having the same transmission rate, and sup- 
plied to respective different coding units 222a through 
222n. where coding processing such as encoding and 2s 
interleaving Is performed individually. The bit streams of 
respective channels encoded in the coding units 222a 
through 222n are supplied to separate symbol mapping 
units 223a through 223n, and are mapped to transmis- 
sion symbols separately for respective channels. Fur- 30 
thermore. the bit stream of the pilot channel obtained at 
the terminal 221 p is supplied directly to a symbol map- 
ping unit 223p and mapped to transmission symbols. 
[0110] The transmission symbols generated in the 
symbol mapping units 223a through 223n and 223p are 35 
supplied to a mixing circuit (multiplexer) 224, and mixed 
into a symbol stream of one system. The mixing 
processing configuration In this mixing circuit 224 can 
be made, for example, similar to the processing config- 
uration of the mixing circuit 124 described with refer- 40 
ence to FIG. 12 of the second embodiment. 
Transmission symbols mixed in the mixing circuit 224 
are subjected, in a multi-carrier processing unit 225, to 
processing for converting them to a multi-carrier signal 
composed of subcarriers arranged on the frequency 4S 
axis, such as scramble processing, inverse Fourier 
transform processing, and windowing processing. The 
generated multi-carrier signal is supplied to a transmis- 
sion processing unit 226. A high frequency signal Is 
convolved therein, and the transmission signal is con- so 
verted in frequency to a predetermined frequency band. 
The transmission signal thus subjected to frequency 
conversion Is radio-transmitted from an antenna 227. 
[0111] FIG. 29 shows an example of multiplexed 
state in one transmission band in the case of a channel ss 
configuration thus Including the pilot channel. Here, 
three traffic channels composed of channels 1 through 
3 and on pilot channel are multiplexed. In this exanrple. 



sutx:arriers of respective channels are arranged In 
order. 

[0112] A configuration for receiving the signal thus 
transmitted is shown in FIG. 28. A reception processing 
unit 232 connected to an antenna 231 receives a signal 
of a predetermined transmission frequency band and 
converts to a baseband signal. The baseband signal 
thus converted is supplied to first and second channel 
selection unrts 233a and 233b. The first channel selec- 
tion unit 233a performs processing for selecting the 
subcamers of a traffic channel to be received. The s c- 
ond channel selection unit 233b performs processing 
for selecting the subcarriers of the pilot channel. The 
subcarriers selected in the channel selection units 233a 
and 233b are supplied to multi-carrier processing units 
234a and 234b, respectively, and subjected to process- 
ing for transforming subcarriers on the frequency axis to 
a symbol stream on the time axis, such as Fourier trans- 
form processing. The symbol stream of a predeter- 
mined ti-affic channel obtained in the multi-carrier 
processing unit 234a is supplied to a channel equalizer 
235. 

[0113] This equalizer 235 estimates the transmis- 
sion path state on the basis of the state of known signal 
received via the pilot channel. On the basis of the esti- 
mated transmission path state, equalization processing 
of the transmission path of symbols received via a traffic 
channel is performed. Synchronous detection of sym- 
bols subjected to equalization processing is performed. 
The detected symbols are supplied to a bit extraction 
unit 236. where coded bits are extracted. The extracted 
bit data is supplied to a decoding unit 237 and decoded. 
The decoded information bit stream is obtained at a ter- 
minal 238. Furthermore, data received via the pilot 
channel is supplied to a control unit of a terminal device 
which is not illustrated, where control processing based 
upon that data is performed. 

[01 1 4] The first and second channel selection units 
233a and 233b are configured as shown in. for example, 
FIG. 30. In the first channel selection unit 233a. a signal 
obtained at a terminal 241 from a preceding circuit Is 
subjected to symbol repetition processing in a selector 
241a and a delay circuit 241b and then supplied to a 
computation unit 242. At the same time, the signal 
delayed in a delay circuit 243 by a time equivalent to 
1/2^ of one modulation time is also supplied to the com- 
putation unit 242. The computation unit 242 performs 
computation processing of either addition processing or 
subtraction processing under Ihe corrtrol of a control 
unit 247. The output of the computation unit 242 is mul- 
tiplied in a nrtultiplier 248 by a sine wave directed from 
the control unit 247 to remove the offset frequency. A 
resultant signal is supplied directly to a conrtputation unit 
244. At the sane time, the signal delayed in a delay cir- 
cuit 245 by a time equivalent to 1/4 (= 1/2^ of one mod- 
ulation time is also supplied to the computation unit 244. 
The computation unit 244 performs computation 
processing of either addition processing or subtraction 
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prc5cessing under the control of the control unit 247. The 
output of the computation unit 244 is multiplied in a mul- 
tiplier 249 by a sine wave directed from the control unit 
247 to remove the offset frequency. Thereafter, a result- 
ant signal is supplied from a terminal 246 to subsequent 
circuits. 

[0115] Furthermore, in the second channel selec- 
tion unit 233b, a signal obtained at a terminal 251 from 
a preceding circuit is subjected to symtx)l repetition 
processing in a selector 251a and a delay circuit 251b 
and then supplied to a computation unit 252. At the 
same time, the signal delayed in a delay circuit 253 by a 
time equivalent to 1^^ of one modulation time is also 
. supplied to the computation unit 252. The computation 
unit 252 performs computation processing of either 
addition processing or subtraction processing under the 
control of the control unit 247. The output of the compu- 
tation unit 252 is multiplied in a multiplier 257 by a sine 
wave directed from the control unit 247 to remove the 
. offset frequency. A resultant signal is supplied directly to 
a computation unit 254. At the same time, the signal 
delayed in a delay circuit 255 by a time equivalent to 1/4 
(= 1/2^ of one modulation time is supplied to the com- 
putation unit 254. The computation unit 254 performs 
computation processing of either addition processing or 
subtraction processing under the control of the control 
unit 247. The output of the conputation unit 254 is mul- 
tiplied in a multiplier 258 by a sine wave directed from 
the control unit 247 to remove the offset frequency. 
Thereafter, a resultant signal is supplied from a terminal 
256 to subsequent circuits. Owing to such a configura- 
tion, it is possible to exfact subcarriers of a desired traf- 
fic channel in the first channel selection unit 233a and 
extract subcarriers of the pilot channel in the second 
channel selection unit 233b. on the basis of the control 
of the control unit 247. 

[01 1 6] By virtue of such a configuration, it becomes 
possible to perform tiie transmission path estimation on 
the basis of a known signal (pilot signal) transmitted via 
a pilot channel, and perform transmission and reception 
by using synchronous detection. As the result, better 
transmission characteristics can be obtained as com- 
pared with those when the differential modulation is per- 
formed. Furthernwre, as regards channels transmitted 
from the same station, basically mutual orthogonality is 
maintained and consequently they do not become inter- 
ference sources. Only signals transmitted from other 
base stations exert influences as interference. In such a 
case, since pilot signals are transmitted from respective 
base stations, by using the plot signals and adaptive 
array antennas or the like, it is also possible to cancel 
the interference. In this embodiment also, an example in 
which four channels are multiplexed has been 
described. In the same way as the examples described 
witii reference to other embodiments, however, it is pos- 
sible to form such a configuration as to conduct various 
kinds of multiplex communication with tiie basic multi- 
plexing number of 2^^. 



[0117] In the embodiments heretofore described, 
processing in one modulation unit have been described* 
As a matter of fact, however, this processing is executed 
repetitively on the time axis. By changing the cone- 
5 spondence of logic channels to physical channels in 
one modulation time unit, therefore, it becomes possible 
to conduct communication by using all frequencies of 
the system band even in a channel of a low transmis- 
sion rate. FIG. 31 shows one example of this case. For 
10 time slots TSl. TS2, TS3 the arrangement of sub- 
carriers of the logic channels CHI through CH4 is 
changed from time slot to time slot Here, a periodic 
change having four time slots as one period is shown. 
As to the correspondence of logic channels to physical 
75 channels, the hppping pattern in the existing frequency 
hopping system may preferably be used. 
[0118] Furthermore, in the above described 
embodiments, only . processing in one transmission 
band has been described. When a plurality of transmis- 
20 sion bands are prepared, however, processing to shuffle 
the frequency band called frequency hopping may be 
performed. FIG. 32 shows an example in this case. 
When six transmission bands Fl through F6 (one trans- 
mission band corresponds to one transmission band in 
?5 each embodiment) are prepared, for example, bands 
Fl, F2, F3, F4. F5 and F6 are arranged in frequency 
increasing order at communication time Ta. Subse- 
quentiy for communication times Tb, To. and Td, the 
arrangement of bands is changed every predetermined 
0 time unit. In this case as well, a periodic change is used. 
By thus performing the frequency hopping, a greater 
frequency diversity effect can be obtained. Further- 
more, both the processing of changing the arrangement 
of subcamers in each band as shown in FIG. 31 and the 
? frequency hopping processing for each band as shown 
in FIG. 32 may be used in combination. 
[0119] Moreover, in the above described embodi- 
ments, details of the modulation and demodulation 
processing in ti-ansmission by using a multi-carrier sig- 
' nal have not been described. When assigning a plurality 
of subcan-iers on tiie frequency axis to one channel as 
described witii respective embodiments, it is possible to 
perform differential modulation (phase modulation or 
amplitude modulation) between adjacent subcarriers 
45 assigned to that channel for transmission and perform 
inverse demodulation processing (i.e.. differential 
demodulation processing between adjacent subcarriers 
assigned to that channel) on the reception side. For 
example, in a radio telephone system of the cellular 
so scheme or the like, this processing can be applied to the 
communication of an up line from a terminal device to 
the base station. Furthermore, this processing can also 
be applied to the communication of a down line from the 
base station to a terminal device. 
55 [0120] For example, when the terminal device is 
moving at high speed, there is a possibility that fading 
correlation between symbols becomes low and the 
characteristics are degraded in the case where this 
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processing is not perfonmed. By performing the 
processing of the present example, however, correlation 
between symbols becomes high and favorable recep- 
tion becomes possible in differential demodulation 
which can be executed by processing simpler than the 5 
synchronous detection. Favorable transmission which 
does not depend on the moving speed of the terminal 
device becomes thus possible. 

[0121] Furthermore, when assigning a plurality of 
subcarriers on the frequency axis to one channel, it is 10 
possible to perform differential modulation (phase mod- 
ulation or amplitude modulation) between adjacent sub- 
can'iers on the frequency axis for transmission no 
matter whether subcarriers are assigned to the same 
channel, and to perform, Inverse demodulation process- is 
ing (i.e.. differential demodulation processing between 
adjacent subcarriers) on the reception side. For exam- 
ple, in a radio telephone system of the cellular scheme 
or the like, this processing can be applied to the com- 
munication of an up line from a terminal device to the 20 
base station, and can also be applied to the communi- 
cation of a down line from the base station to a terminal 
device. 

[0122] The differential modulation processing and 
differential demodulation processing which have been 25 
described here can also be applied to the case where 
the number of subcarriers is not Nth power of 2 unlike 
the embodiments. 

[01 23] In the above described embodiments, exam- 
ples of application to the radio telephone system and 30 
DAB (Digital Audio Broadcasting) have been mainly 
described. Needless to say. the present invention can 
also be applied to other various transmission systems 
which perform multiplex transmission using similar 
multi-carrier signals. Moreover, values of the transmis- 35 
sion rates, frequency intervals, multiplexing nunnber, 
and the like shown in various embodiments have been 
indicated merely as examples. It is a matter of course 
that other values can be used. 

40 

DESCRIPTION OF REFERENCE NUMERALS 
[0124] 



1 INPUT TERMINAL 4S 

2 CODING UNIT 
3. 4 MULTIPLIER 
3a. 4a TERMINAL 

5 SYMBOL MAPPING UNIT 

6 ADDER 50 

7 TRANSMISSION PROCESSING 
UNIT 

8, 1 1 ANTENNA 

12 RECEPTION PROCESSING 
UNIT 55 

13 err extraction unit 

14. 15 MULTIPLIER 

14a, 15a TERMINAL 



16 DECODING UNIT 

17 OUTPUT TERMINAL 

21 INPUT TERMINAL 

22 CODING UNIT 

23 SYMBOL MAPPING UNIT 

24 MIXING CIRCUIT 

25 FREQUENCY CONVERSION 
UNIT 

26 INVERSE FOURIER TRANS- 
FORM CIRCUIT 

27 TRANSMISSION PROCESSING 
UNIT 

28. 31 ANTENNA 

32 RECEPTION PROCESSING 
UNIT 

33 FOURIER TRANSFORM CIR- 
CUIT 

34 SYMBOL SELECTION UNIT 

35 BIT EXTRACTION UNIT 

36 DECODING UNIT 

37 OUTPUT TERMINAL 

101 INPUT TERMINAL 

102 CODING UNIT 

1 03 SYMBOL MAPPING UNIT 

1 04 NULL SYMBOL INSERTION UNIT 

105 RANDOM PHASE SHIFT UNIT 

106 INVERSE FOURIER TRANS- 
FORM PROCESSING UNIT 

107 GUARD TIME ADDITION UNIT 

108 WINDOWING PROCESSING 
UNIT 

109 TRANSMISSION PROCESSING 
UNIT 

110.111 ANTENNA 

1 12 RECEPTION PROCESSING 
UNIT 

113 WINDOWING PROCESSING 
UNIT 

114 FOURIER TRANSFORM 
PROCESSING UNIT 

1 15 DESCRAMPLE UNIT 

1 16 SYMBOL SELECTION UNIT 

1 17 BIT EXTRACTION UNIT 

118 DECODING UNIT 

119 OUTPUT TERMINAL 
121a - 121 n INPUT TERMINAL 
122a -122n CODING UNIT 

123a -123n SYMBOL MAPPING PROCESS- 

ING UNIT 

124 MIXING CIRCUIT 

125 RANDOM PHASE SHIFT UNIT 

126 INVERSE FOURIER TRANS- 
FORM PROCESSING UNIT 

127 GUARD TIME ADDITION UNIT 

128 WINDOWING PROCESSING 
UNIT 

129 TRANSMISSION PROCESSING 
UNIT 
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130 

131a- 131c 
132a- 132c 
133a- 133d 

134 

141a- 141n 
142a- 142n 
143a- 143n 

144a - 144n 
145a - 145n 

. 146a -146n 

147a ■ 147n 

148a - 148n 
151 
_ 152 
153 
154 

155 

156 
161 
162 

163 

164 

165 
166 

166n- 166d 
166m 

167a- 167n 
168a- 168n 
169a- 169n 
171 
172 

173. 173'. 173" 

175 

176 

177 

178 

181a 

181b 

182 

183 

184 

185 - 

186. 187 

188 

189 



ANTENNA 
INPUT TERMINAL 
CODING UNIT 

SYMBOL MAPPING PROCESS- 
ING UNIT 
MIXING CIRCUIT 
INPUT TERMINAL 
CODING UNIT 

SYMBOL MAPPING PROCESS- 
ING UNIT 

RANDOM PHASE SHIFT UNIT 
INVERSE FOURIER TRANS- 
FORM PROCESSING UNIT 
INTERNAL CHANNEL SELEC- 
TION UNIT 

TRANSMISSION PROCESSING 
UNIT 

ANTENNA 
INPUT TERMINAL 
SYMBOL REPETITION UNIT 
MULTIPLIER 

OFFSET FREQUENCY GENER- 
ATOR 

WINDOWING PROCESSING 
UNIT 

OUTPUT TERMINAL 
ANTENNA 
RECEPTION 
UNIT 

WINDOWING 
UNIT 
FOURIER 
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20 



25 



PROCESSING 
PROCESSING 



TRANSFORM 
PROCESSING UNIT 
RANDOM PHASE SHIFT UNIT 
SEPARATION CIRCUIT 
TERMINAL 
CONTACT 

BIT EXTRACTION UNIT 
DECODING UNIT 
OUTPUT TERMINAL 
ANTENNA 

RECEPTION PROCESSING 
UNIT 

MULTI-CARRIER PROCESSING 
UNIT 

BIT EXTRACTION UNIT 
DECODING UNIT 
OUTPUT TERMINAL 
INPUT TERMINAL 
SELECTOR 
DELAY CIRCUIT 
SUBTRACTER 
DELAY CIRCUIT 
SUBTRACTER 
DEUVY CIRCUIT 
ADDER 
SUBTRACTER 
DEUVY CIRCUIT 



190 ADDER 

191 - 194 OUTPUT TERMINAL 
195. 196. 197 MULTIPLIER 
195a. 196a. 197a CORRECTION SIGNAL GENER- 

5 ATOR 

201 INPUT TERMINAL 
201a SELECTOR 
201b DEU\Y CIRCUIT 

202 COMPUTATION UNIT 
^0 203 DELAY CIRCUIT 

204 COMPUTATION UNIT 

205 DELAY CIRCUIT 

206 OUTPUT TERMINAL 

207 CONTROL UNIT 
208. 209 MULTIPLIER 

211 INPUT TERMINAL 
211a SELECTOR 
211b DELAY CIRCUIT 

212 COMPUTATION UNIT 

213 DELAY CIRCUIT 

214 OUTPUT TERMINAL 

215 CONTROL UNIT 

216 MULTIPLIER 
221a - 221n. 221p INPUT TERMINAL 
223a - 223n CODING UNIT 
223a - 223n. 223p SYMBOL MAPPING PROCESS- 
ING UNIT 

224 MIXING CIRCUIT 

225 MULTI-CARRIER PROCESSING 
30 UNIT 

226 TRANSMISSION PROCESSING 
UNIT 

227. 231 ANTENNA 

232 RECEPTION PROCESSING 

35 UNIT 

233a. 233b CHANNEL SELECTION UNIT 

234a. 234b MULTI-CARRIER PROCESSING 
UNIT 

235 CHANNEL EQUALIZER 

-'^ 236 BIT EXTRACTION UNIT 

237 DECODING UNIT 

238 OUTPUT TERMINAL 

241 INPUT TERMINAL 
241a SELECTOR 

45 241b DELAY CIRCUIT 

242 COMPUTATION UNIT 

243 DELAY CIRCUIT 

244 COMPUTATION UNIT 

245 DELAY CIRCUIT 

50 246 OUTPUT TERMINAL 

247 CONTROL UNIT 

248. 249 MULTIPLIER 

251 INPUT TERMINAL 
251a SELECTOR 

55 251b DELAY CIRCUIT 

252 COMPUTATION UNIT 

253 DELAY CIRCUIT 

254 COMPUTATION UNIT 
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transmission symbols distributed among a plu- 
rality of subcarriers: 

using subcarriers of every predetermined 
number thereof as subcarriers assigned to 
5 each channel; 

performing differential modulation between 
adjacent subcarriers among subcarriers 
assigned to each channel and thereafter per- 
forming transmission ; and 
10 performing differential demodulation between 

adjacent subcarriers. on a reception side. 



255 DELAY CIRCUIT 

256 OUTPUT TERMINAL 
257. 258 MULTIPLIER 

Claims 

1. A communication method comprising: 

setting a plurality of channels in a predeter- 
mined band; 

and conducting communication in each of the 
set channels by using a multi-carrier signal 
having transmission symbols distributed 
among a plurality of subcarriers, 
wherein the transmission symbols of each is 
channel on a frequency axis are arranged at 
intervals of Nth power of 2 (where N is an arbi- 
trary positive number) with respect to a refer- 
ence frequency interval. 

20 

2. A communication method according to claim 1. 
wherein said communication is radio communica- 
tion. 

3. A communication method according to claim 1. 25 
wherein a value of said N is variably set depending 

on a bit rate of transmission data. 



7. A communication method according to claim 6. 
wherein 

on a transmission side, differential modulation 
is performed between adjacent subcarriers on 
a frequency axis instead of performing differen- 
tial modulation between adjacent subcarriers 
among subcarriers assigned to each channel; 
and 

on a reception side, differential demodulation is 
performed between adjacent subcan-iers on a 
frequency axis instead of performing differen- 
tial demodulation between adjacent subcarri- 
ers among subcarriers assigned to each 
channel. 



4. A communication method according to claim 1. 
wherein 30 

said communication method is applied to com- 
munication between a base station and a termi- 
nal device; 

one channel of down channels transmitted 35 
from the base station is secured as a pilot 
channel, and remaining channels are used as 
traffic channels; 

in the base station, a known signal is transmit- 
ted by using said pilot channel; and 40 
in the terminal device, equalization processing 
of a transmission path of symbols received via 
said traffic channel is performed by using sym- 
bols received via the pilot channel, and syn- 
chronous detection of the symbols subjected to 45 
the equalization processing is performed. 

5. A communication method according to claim 1. 
wherein a signal to be transmitted is subjected to 
frequency hopping by taking a channel as a unit or so 
by taking a frequency as a unit. 

6- A communication method comprising: 

setting a plurality of channels in a predeter- ss 
mined band; 

conducting communication in each of the set 
channels by using a multi-carrier signal having 



8. A transmitter comprising: 

means for generating a multi-carrier signal hav- 
ing transmission symbols distributed among a 
plurality of subcarriers, 

wherein the transmission symkx)ls on a fre- 
quency axis in one channel of said multi-carrier 
signal are arranged at intervals of Nth power of 
2 (where N is an arbitrary positive number) with 
respect to a reference frequency interval: and 
means for transmitting the generated mufti-car- 
rier signal as a predetermined channel among 
a plurality of channels set in a predetermined 
band. 

9. A transmitter according to claim 8, wherein a value 
of said N is variably set according to a bit rate of 
transmission data. 

10. A transmitter according to claim 8. wherein 

transmission symbols of a plurality of channels 
are individually generated, and thereafter a 
multiplexed symbol sequence is generated by 
arranging symbols of respective channels sym- 
bol by symt^ol; 

multi-carrier signal generation processing is 
performed on the generated multiplexed sym- 
bol sequence collectively; and 
transmission processing is performed on a plu- 
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rality of channels collectively. 

11- A transmitter according to daim 8, wherein trans- 
mission symbols are generated, the generated 
transmission symbols being taken out as a signal s 
on a time axis, and thereafter processing for con- 
volving a frequency offset corresponding to a chan- 
nel assigned to its own station being performed. 

1 2- A transmitter according to daim 8, wherein a known io 
signal is transmitted by using one channel among a 
plurality of transmission channels as a pilot chan- 
nel, and transmission processing is performed by 
using remaining channels as traffic channels. 

75 

1 3. A transmitter according to claim 8. comprising fre- 
quency hopping means for performing frequency 
hopping on the generated multi-carriisr signal by 
taking a channel as a unit or taking a predeter- 
mined frequency band as a unit 20 

14. A receiver comprising: 

means for receiving a multi-carrier signal hav- 
ing transmission symbols distributed among a 25 
plurality of subcarriers; and 
means for performing reception processing on 
transmission symbols received in one channel 
at frequency intervals of Nth power of 2 (where 
N is an arbitrary positive number) with respect 30 
to a reference frequency interval. 

15. A receiver according to claim 14, wherein 



17. A receiver according to claim 16, wherein a correc- 
tion means for multiplying data of at least one 
reception channel by a sine wave offset correction 
signal when a plurality of reception channels has 
been selected is provided. 

18. A receiver according to daim 16, wherein 

reception processing means for performing 
reception processing on said received data has 
processing capability determined by a maxi- 
mum bit rate; and 

when conducting communication at a bit rate 
lower than said maximum bit rate, only desired 
bits are extracted. 

19. A receiver according to daim 14. wherein 

reception processing means of a pilot channel 
and reception processing means of traffic 
channels are provided: and 
said reception processing means of traffic 
channels perfornns traffic path equalization 
processing of a transmission path of received 
symbols of a traffic channel by using symbols 
of a known signal received by said reception 
processing means of the pilot channel. 

20. A receiver according to claim 14, comprising fre- 
quency hopping means for performing frequency 
hopping on a received signal by taking a channel as 
a unit or taking a predetermined frequency band as 
a unit. 



among all symbols transmitted in a bandwidth 35 
used for communication, only symbols of a 
communication channel transmitted by a trans- 
mission side are extracted from a received sig- 
nal: and 

the extracted symbols are supplied to a chan- 40 
nel decoder for decoding. 



1 6. A receiver according to claim 1 4, wherein 



sampling of a received signal is performed at a 45 
sample rate determined by a bandwidth of the 
received signal; 

by performing addition or subtraction on sam- 
pled symbols, a desired reception channel is 
selected so as to decrease the number of sym- so 
bols outputted to a subsequent stage and a 
required minimum sample rate determined by a 
maximum bit rate at tme of reception is made; 
and 

reception processing is performed on received ss 
data having a number of symbols of the 
required mininrujm sample rate. 
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